The objective of the present work is to present the temporal and spatial characteristics of the bioclimatic conditions of the Lubuskie Voivodeship. The daily timed values (12UTC) of meteorological elements in the period 1971-2006 from three stations (Słubice, Gorzów Wielkopolski and Zielona Góra) were used as the basis for the calculations. In order to assess the bioclimatic conditions, a thermal stress index UTCI (Universal Thermal Climate Index) that is calculated with the use of BioKlima 2.6 software was applied. The analysis shows that thermal stress related to 'slight and moderate cold stress' and 'no thermal stress' is a dominant factor (80%) affecting the bioclimatic conditions of the Lubuskie Voivodeship. During the analysed period, days with thermal stress related to cold stress occurred more frequently than those with thermal stress related to heat stress. On the basis of a linear regression trend, a positive trend for thermoneutral conditions days and heat related stress days (UTCI>32°C), as well as a negative trend for cold related stress (UTCI<-13°), were ascertained.
Introduction
The diversified land relief of the Lubuskie Voivodeship is a consequence of its geographical location on the border of three sub-provinces (Południowobałtyckie Lake District, Środkowopol-skie Lowlands, Sasko-Łużyckie Lowlands) (Kondracki 2000) . In line with regionalisation provided by Kozłowska-Szczęsna et. al (1997) , the territory of the Lubuskie Voivodeship is included in the bioclimatic region IV, specifically IVa, with weak stimuli. Such conditions can be regarded as favourable since weather conditions occurring in this region are not conducive to thermoregulatory system overload and do not limit recreational activities or tourism. As a result of its location in western Poland, in the Middle Odra Region, and the fact that it has various nature as well as cultural values, the Lubuskie Voivodeship promotes the development of tourism (Lijewski et. al. 2002; Gołembski 2009 ). Several rivers flow through the Lubuskie Voivodeship (Odra, Warta, Noteć, Nysa Łużycka). There are also several lakes, and those in the northern part of the region form the so-called 'Lubuskie Mazury', the second longest shipping lane in Poland, with a length of 75 km and a water table of over a thousand hectares. 50% of this area is forested. It is one of the most forested territories in Poland with numerous National and Landscape Parks (Kijowski et al. 2005; Mąkosza 2009; UMWL 2012) . Its physiographic features as well as substratum types, vegetation, hydrographic conditions, weather conditions and land use greatly affect the given area's bioclimate and its particular characteristics (Kozłowska-Szczęsna et al. 1997) . As far as tourism and recreation are concerned, weather and climatic conditions are important nature values. The influence of the weather and climate on man is a complex issue, since it includes numerous physical conditions which change over time and space, and the physiological reactions of the human body when exposed to the stimuli of the atmospheric environment (Krawczyk 1995) . Most case studies concerning bioclimatic conditions make use of compound indices that are based on human heat balance as regards the subjective thermal perception of a given organism. Recently, a new index -UTCI (Universal Thermal Climate Index) -has been developed (Błażejczyk et. al. 2010a (Błażejczyk et. al. , 2010b . It is based on a multi-node model of the human heat balance which considers heat transfer occurring in the human body and on its surface, and physiological thermoregulatory mechanisms. Data obtained with the use of UTCI constitute objective thermal stress values. It is valid to analyse bioclimatic conditions in this region of Poland since case studies concerning climatic conditions of this region, especially bioclimatic conditions, are relatively rare (Kalbarczyk & Kalbarczyk 2008; Mąkosza 2009; Mąkosza & Michalska 2010 , 2011 . The results can be of use to local and administrative authorities of the voivodeship and provide insight and data which can be useful for promotion and tourism. The objective of this work is to present the temporal and spatial variability of UTCI and assess the bioclimatic conditions of the lakeland type area as confined to the administrative borders of the Lubuskie Voivodeship.
Materials and methods
Meteorological data was obtained from three weather stations located in the Lubuskie Voivodeship: Słubice, Gorzów Wielkopolski and Zielona Góra. The UTCI was calculated on the basis of meteorological elements such as daily timed (12 UTC) measurements of air temperature (°C), relative humidity (%), wind speed (m·s -1 ) and cloudiness (%) for the period 1971-2006 and Tmrt (°C) -mean radiant temperature. Both mean radiant temperature (Tmrt) and UTCI were calculated with the use of the BioKlima 2.6 software package (Błażejczyk 2005) . The assessment of bioclimatic conditions of Lubuskie Voivodeship was conducted using the thermal stress scale for UTCI calculated according to its study design and methodological assumptions (see articles in the current issue Błażejczyk et al. 2013; Bröde et al. 2013) . This paper includes mean, maximum and minimum UTCI values in the annual, monthly and daily course together with the analysis of the linear regression trend. Frequency of respective thermal stress in subsequent months and days of a year was characterized and compared according to the UTCI range. Periods with extreme biothermal conditions (UTCI<-13°C and UTCI>32°C) and thermoneutral conditions (UTCI from 9 to 26°C) were determined and compared as given by stations. The variability noted over many years and the linear regression trend for individual ranges of thermal stress were presented. The statistical significance of the correlation coefficient was estimated as based on  =0.05 and  =0.01.
Results
In the period 1971-2006, mean annual values of UTCI on the area of Lubuskie Voivodeship fluctuated from 6.1°C in Zielona Góra and Gorzów Wielkopolski to 8.8°C in Słubice. In the annual course, the highest mean values occur interchangeably (according to the year) in July and September, with slightly higher mean values reaching approx. 23°C UTCI observed in Słubice. In turn, the lowest mean UTCI values usually occur in January, mostly in Gorzów Wielkopolski and Zielona Góra, reaching almost -10°C UTCI (Tab. 1). A similar range of UTCI values (from -13 to 24°C) for the period 2000-2009 for Warsaw was obtained by Lindner (2011) .
On the basis of the obtained results it was found that in the hours around midday in the period 1971-2006 there were no UTCI values exceeding 46°C, which would cause thermal stress that is categorized as 'extreme heat stress'. The highest calculated UTCI values in the Lubuskie Voivodeship in that period occurred on August 9, 1992 and were: Słubice 43.1°C, Gorzów Wielkopolski 41.9°C, Zielona Góra 40.4°C. The aforementioned values are slightly higher than those obtained in Warsaw (June 22, 2000) by Lindner (2011) and are comparable to those calculated for Łódź by Błażejczyk and Kunert (2010) . The high UTCI value on that day was influenced by weather conditions in the whole territory of the voivodeship, since the measured air temperature was from 35.8°C in Zielona Góra to 37.3°C in Słubice, with rela-tively low air humidity (24-28%), low wind speed (0-2m·s
) and a relatively cloudless sky -only in Zielona Góra was the sky coverage at the level 1 octant. Conversely, absolutely the lowest UTCI value of -54.8°C was noted in Gorzów Wielkopolski on December 31, 1978, which corresponds with the highest thermal stress exceeding -40°C UTCI that is labelled as 'extreme cold stress' in the adopted classification. In Słubice and Zielona Góra the minimum values were lower, -42.9°C (December 31, 1978) and -40.8°C (January 1, 1979) respectively, yet thermal stress still falls within the 'extreme cold stress' classification (Tab. 1). The absolute minimum values noted at 12 UTC in Słubice and Zielona Góra correspond with those calculated for Warsaw and Łódź. However, it should be observed that in the two locations (Słubice and Zielona Góra), the 'extreme cold stress' was reported only once during the period analysed on the aforementioned days, and in Gorzów Wielkopolski there were 6 days with 'extreme cold stress' during a period of 36 years, mainly in late 1970s and early 1980s.
Absolute Wielkopolski 1978) and in the whole voivodeship present a negative trend. Slightly higher amplitudes of UTCI values were reported in the cold half-year period than in the warm half-year period. In Słubice and Zielona Góra the highest absolute amplitudes occur in March, and in Gorzów Wielkopolski in December. The lowest amplitudes were reported in September in Słubice and Gorzów Wielkopolski and in June in Zielona Góra (Tab. 1 and Fig. 1 ). Throughout the whole territory of Lubuskie Voivodeship, a statistically significant positive trend of mean values was observed. Linear trend analysis for individual months shows a positive trend for mean values in almost every month (statistically significant for the whole area in April and November, and for Gorzów Wielkopolski also in October (Fig. 2) . A slightly negative trend (with no statistical significance) for mean UTCI values was observed in Gorzów Wielkopolski only in September and in Zielona Góra in September and February.
The next stage of this case study is devoted to frequency of UTCI values within the range of UTCI thermal stress assessment scale (Fig. 3, 4 and 5) . It was reported that over the course of a year, days with weather conditions which do not cause thermal stress occur more often, and UTCI values are in the range from 9 to 26°C. The frequency of such days in the Lubuskie Voivodeship is 36% . ECS -extreme cold stress; VSCS -very strong cold stress; SCS -strong cold stress; MCS -moderate cold stress; SCS -slight cold stress; NTS -no thermal stress; MHS -moderate heat stress; SHS -strong heat stress; VSHS -very strong heat stress; EHS -extreme heat stress.
(Gorzów Wielkopolski) -40% (Słubice), which is on average from 130 to 145 days in a year. The highest frequency of days with 'no thermal stress' is observed from April to October, and a frequency of over 50% is reported since the beginning of May until the last but one pentad of July, and since the second pentad of August until the end of the second pentad of October in Zielona Góra, and a bit longer in Gorzów Wielkopolski -until the end of the third pentad, and until the end of the fourth pentad in Słubice. Frequency of days with UTCI between 18 and 26°C was calculated, which according to the Glossary of Terms for Thermal Physiology (IUPS 2003) fully conforms with the definition of the thermal comfort zone. Mean annual figures within the thermal comfort zone on the territory of the voivodeship fluctuate from 63 in Słubice to 54 in Zielona Góra. They show great variability from one year to another and can be within the range of 40 to 90. The highest frequency is observed from May to August with maximum occurrence in Gorzów Wielkopolski and Zielona Góra in August and in Słubice in June and August (Fig. 5) . The number of days with UTCI values within that range can be seen as a statistically significant positive trend. Just over 25% of days in a year are of the 'moderate cold stress' type. Those days are marginally more common in southern part of the Lubuskie Voivodeship. In practice, this type of cold stress does not occur from June to August, although there were instances when this took place over a period of 36 years: on July 9, 1996 the UTCI value in Gorzów Wielkopolski was -3.3°C. 'Slight cold stress' is the third most frequent, and can be spatially organized inversely to the days in which they are more common in the north of the voivodeship. To sum up, there are three UTCI categories which predominantly shape (80% of days) bioclimatic conditions in the Lubuskie Voivodeship: 'slight cold stress', 'moderate cold stress' and 'no thermal stress'. Thermal stress connected with 'strong cold stress' occurs from November to April, with a maximum in January. Days with 'strong heat stress' are rare in the Lubuskie Voivodeship; they occur mainly in July and August, but also in June and some days in May and September. Occasionally in the hours around midday, there are days in which the thermal stress can be categorized as 'very strong cold and heat stress'. In the period 1971-2006 a linear trend for other UTCI stress categories was analysed (Fig. 6) . It was found that the trend of days with categories related to cold stress was negative. In the case of 'very strong cold stress', there is a highly significant relationship in Słubice and one that is significant in Gorzów Wielkopolski. On the other hand, the significance of the 'strong cold stress' category is different: a trend observed in Gorzów Wielkopolski is highly significant and one that has been observed in Słubice is significant. The analysis of the UTCI range constituting 'moderate cold stress' shows a statistically highly significant relationship only in Zielona Góra. In terms of the variability of the annual number of days with 'slight cold stress', only a downward trend was observed on the territory of the Lubuskie Voivodeship. As far as thermal changes in an organism are concerned, the most optimal category -'no thermal stress' -represents an upward trend of those days in a year on the whole territory of the voivodeship, though a highly significant trend was noted only in Gorzów Wielkopolski and Zielona Góra. In the case of categories connected with heat stress, an explicit increase in the annual number of days in subsequent years is observed. This increase is most visible in Słubice, where a statistically highly significant linear trend for 'moderate heat stress' category was reported. An increase in the number of days in the 'moderate heat stress' category in Gorzów Wielkopolski and Zielona Góra is also statistically significant.
The fact that extreme values of the analysed index occurred frequently shows that the area has highly specific bioclimatic conditions (Błażejczyk & Kunert 2010) . Having summed up the annual number of days with stress of values UTCI<-13°C and UTCI>32°C, it was revealed that on average there were twice as many days with UTCI<-13°C annually in Zielona Góra (32 days) or Gorzów Wielkopolski (30 days) than in Słubice (16 days). In turn, days with UTCI>32°C were more frequent in Słubice (9 days) than in other locations in the voivodeship (Fig. 7) .
Conclusions
According to Lijewski et al. 2002 the period in which people enjoy recreational and natural values in Poland lasts from the 1st decade of May to the 1st decade of October. This coincides with conditions that have the least thermal stress on man in the Lubuskie Voivodeship. A positive trend in the number of days with no thermal stress can indicate a lengthening of this period in midwestern Poland, especially in Słubice and Zielona Góra. According to regionalisation provided by Kozłowska-Szczęsna et al. (1997) , the Lubuskie Voivodeship is categorised as a part of bioclimatic region with weak stimuli. A small number of days with extreme UTCI values and a large number of days with no thermal stress (more than 30-40%) reflect the general bioclimatic features of this region of Poland. Favourable weather conditions, geographical and natural environment values (forests, lakes) create surroundings perfectly fit for recreational activities. Although the number of days without thermal stress is predominant in the Lubuskie Voivodeship, it is possible to distinguish Lubuski Przełom Odry Mesoregion, represented in this paper by Słubice, which in comparison to the rest of the area has a distinctively greater number of onerous days with heat stress. The same applies to the Zielonogórskie Elevation (Zielona Góra) where the number of days with stress related to cold is slightly higher. However, extreme UTCI values of thermal stress connected with cold stress were most frequent in Gorzów Wielkopolski. Summing up, the study revealed that bioclimatic conditions on the area of the Lubuskie Voivodeship are primarily determined (80%) by thermal stress related to 'slight' and 'moderate cold stress', and to 'no thermal stress'. Days with thermal stress related to cold stress were more common in the analysed period than days with heat stress --50-55% and 8-11% respectively. A positive trend of days with thermoneutral conditions and UTCI values >32°C (heat stress category) and a negative trend for UTCI<-13°C (cold stress category) were reported.
